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(54) Magnetic inclination sensor 

(57) An inclination sensor includes: a case having a 
turning shaft section projected in a lateral direction on a 
front surface thereof; magnetism detecting means fixed 
on an upper side of the turning shaft section; a pair of 
magnets fixed in parallel to a rear surface of the case to 
be located on both sides of the magnetism detecting 
means; a pendulum axially supported by the turning shaft 
section to turn freely; and a pair of ferromagnetic bodies 



fixed on an inward surface of the pendulum. When the 
case inclines, one of the ferromagnetic bodies approach- 
es the magnetism detecting means, and a magnetic cir- 
cuit is closed by the pair of magnets and one of the fer- 
romagnetic bodies. Magnetic fluxes of the magnets pass 
over front and rear surfaces of the magnetism detecting 
means. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an inclination 
sensor, and more particularly to a small magnetic incli- 
nation sensor that is used in a digital camera, a video 
camera, and the like. 

2. Description of the Related Art 

[0002] - Conventionally, as a small magnetic inclination 
sensor, there is, for example, an inclination senor dis- 
closed in JP-A-2000-1 46580. In the inclination sensor, a 
polarized movement is axially supported on a case to 
turn freely and, when the case turns by a predetermined 
angle or more, hall elements arranged on the case detect 
magnetic force of the movement. Consequently, the in- 
clination sensor detects an inclination state of the case. 
[0003] However, since the movement axially support- 
ed to turn freely is polarized, the inclination sensor is 
susceptible to an external magnetic field. For example, 
when there is a coil, a speaker, or the like generating 
large magnetic force near the inclination sensor, the 
movement is affected by the magnetic force to turn. It is 
likely that the inclination sensor outputs a signal indicat- 
ing an inclination state despite the fact that the case is 
not inclined. Therefore, in using the inclination sensor, it 
is necessary to design the inclination sensor to avoid 
influence of an external magnetic field. As a result, a bur- 
den in design of an electronic apparatus incorporated 
with the inclination sensor is large and a degree of free- 
dom of the design is small. In particular, when the incli- 
nation sensor is mounted on an electronic apparatus 
such as a digital camera, for which a reduction of size 
and high density of components are required, since there 
are many limitations, an applicable range of the inclina- 
tion sensor is limited. 

SUMMARY OF THE INVENTION 

[0004] The invention has been devised in view of the 
problems and it is an object of the invention to provide 
an inclination sensor that is less affected by an external 
magnetic field and has a wide applicable range. 
[0005] In order to solve the problems, an inclination 
sensoraccordingtotheinvention includes: a case having 
a turning shaft section projected in a lateral direction on 
a front surface thereof; magnetism detecting means fixed 
on an upper side of the turning shaft section; a pair of 
magnets fixed in parallel to a rear surface of the case to 
be located on both sides of the magnetism detecting 
means; a pendulum axially supported by the turning shaft 
section to turn freely; and a pair of ferromagnetic bodies 
fixed on an inward surface of the pendulum. When the 
case inclines, one of the ferromagnetic bodies approach- 



es the magnetisin detecting means, and a magnetic cir- 
cuit is closed by the pair of magnets and one of the fer- 
romagnetic bodies. Magnetic fluxes of the magnets pass 
over front and rear surfaces of the magnetism detecting 
5 means. 

[0006] According to the invention, the magnets are 
fixed to the rear surface of the case and are not fixed to 
the pendulum. Thus, unlike the conventional example, 
the pendulum is never affected by an external magnetic 

w field to turn and malfunction. Therefore, in designing an 
electronic apparatus that is reduced in size and has high 
density, it is unnecessary to design the electronic appa- 
ratus to avoid influence of an external magnetic field. As 
a result, an inclination sensor that is convenient for use 

15 and has a wide applicable range is obtained. 

[0007] As an embodiment of the invention, the mag- 
netism detecting means may be a hall IC consisting of 
at least one hall element. 

[0008] According to this embodiment, it is possible to 
20 detect an inclination state in both left and right directions 

with a small number of components. 

[0009] As another embodiment of the invention, the 

pendulum and the ferromagnetic bodies maybe integrally 

formed of an identical magnetic material. 
25 [0010] According to this embodiment, an inclination 

sensor having a small number of components, a small 

number of assembly man-hours, and high productivity is 

obtained. 

[001 1] As still another embodiment of the invention, a 
so projected portion for positional regulation may be provid- 
ed on at least one of opposed surfaces of the case and 
the pendulum, and a recessed portion for positional reg- 
ulation, in which the projected portion for positional reg- 
ulation locks, may be provided on the other opposed sur- 
35 face. 

[001 2] According to this embodiment, there is an effect 
that the projected portion for positional regulation can 
lock on an inner peripheral surface of the recessed por- 
tion for positional regulation to regulate swing and turn 
40 of the pendulum and prevent malfunction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] In the accompanying drawings: 

45 

Fig. 1 is an overall perspective view showing a first 
embodiment of an inclination sensor according to 
the invention; 

Fig. 2 is a disassembled perspective view of the in- 

50 clination sensor shown in Fig. 1 ; 

Fig. 3 is an overall perspective view of the inclination 
sensor shown in Fig. 1 viewed from a different angle; 
Fig. 4 is a disassembled perspective view of the in- 
clination sensor shown in Fig. 3; 

55 Fig. 5A is a front view of the inclination sensor shown 
in Fig. 1; 

Fig. 5B is a longitudinal sectional view of the inclina- 
tion sensor shown in Fig. 1; 
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Fig. 5C is a transverse sectional view of the inclina- 
tion sensor shown in Fig. 1 ; 
Fig. 6A is a front view of a state in which a cover is 
removed from the inclination sensor shown in Fig. 1 ; 
Fig. 6B is a longitudinal sectional view of the state 5 
in which a cover is removed from the inclination sen- 
sor shown in Fig. 1 ; 

Fig. 6C is a transverse sectional view of the state in 
which a cover is removed from the inclination sensor 
shown in Fig. 1; 10 
Fig. 7A is a front view of a state before the inclination 
sensor operates; 

Fig. 7B is a schematic front view of the state before 
the inclination sensor operates; 
Fig. 7C is a schematic right side view of the state 15 
before the inclination sensor operates 
Fig. 7D is a schematic plan view of the state before 
the inclination sensor operates; 
Fig. 8A is a front view of a state after the inclination 
sensor operates; 20 
Fig. 8B is a schematic front view of the state after 
the inclination sensor operates; 
Fig. 8C is a schematic right side view of the state 
after the inclination sensor operates; 
Fig. 8D is a schematic plan view of the state after 25 
the inclination sensor operates; 
Fig. 9A is a front view of a state after the inclination 
sensor operates in a different direction; 
Fig. 9B is a schematic front view of the state after 
the inclination sensor operates in a different direc- 30 
tion; 

Fig. 9C is a schematic right side view of the state 
after the inclination sensor operates in a different 
direction; 

Fig. 9D is a schematic plan view of the state after 35 
the inclination sensor operates in a different direc- 
tion; 

Fig. 10 is a graph of an output state in the case in 
which a hall IC is used as magnetism detecting 
means; and 40 
Fig. 1 1 is a graph of an output state in a second 
embodiment using a hall element as the magnetism 
detecting means. 

DESCRIPTION OF THE EMBODIMENTS 45 

[001 4] Embodiment of the invention will be explained 
with reference to the accompanying drawings. 
[001 5] An inclination sensor according to the first em- 
bodiment includes, as shown in Figs. 1 to 1 0, a case 1 0, sc 
a hall IC 20 serving as magnetism detecting means, a 
pair of permanent magnets 25 and 26, a pendulum 30 
assembled with a pair of ferromagnetic bodies 35 and 
36, and a cover 40. Note that a size of an inclination 
sensor body according to this embodiment is 7mm wide, s> 
7 mm high, and 2 mm thick. 

[0016] As shown in Fig. 2, the case 1 0 is a resin molded 
product having a substantially square box shape in front 



in which four lead terminals 11,12, 13, and 14 are in- 
sert-molded. A turning shaft section 15 is projected in a 
lateral direction in a front center of the case 1 0. A housing 
recessed portion 1 6, which houses a hall IC 20 described 
later, and a recessed portion 1 7 for positional regulation, 
which positionally regulates an operation of a pendulum 
30 described later, are provided in positions opposed to 
each other in a vertical direction across the turning shaft 
section 15. Connecting sections 11a to 14a of the lead 
terminals 11 to 14 are exposed at an opening edge of 
the housing recessed portion 16. As shown in Fig. 4, 
fitting recessed portions 18a and 18b, in which the pair 
of square magnets 25 and 26 are fit in and fixed, are 
formed on a rear surface of the case 10. On the other 
hand, engaging projected portions 19 are projected on 
outside surfaces of the case 10 opposed to each other. 
[0017] The hall IC 20 has an external shape capable 
of housing the hall IC 20 in the housing recessed portion 
16. The hall IC 20 has a circular magnetic flux detecting 
area (not shown) is the centerthereof . Bent VSS terminal 
21 , OUT2 terminal 22, VDD terminal 23, and OUT1 ter- 
minal 24 are projected in a lateral direction from both the 
outside surfaces as lead terminals. After being fit in the 
housing recessed portion 16 of the case 10 and posi- 
tioned, the terminals 21 to 24 are welded and electrically 
connected to connecting sections 1 1 a to 1 4a of the lead 
terminals 11 to 14. Note that the hall IC 20 may be con- 
stituted by one hall element or may be constituted by two 
hall elements. 

[001 8] The pendulum 30 consists of a weak magnetic 
substance or a diamagnetic substance having a high spe- 
cific gravity. The pendulum 30 has a bearing hole 31 that 
is axially supported by the turning shaft section 1 5 of the 
case 10 to be capable of turning. In addition, lower ends 
of the pair of ferromagnetic bodies 35 and 36 are assem- 
bled to fitting grooves 33 and 34 (see Fig. 4), which are 
provided on surfaces opposed to the case 1 0, from a 
lateral direction. The ferromagnetic bodies 35 and 36 are 
ferromagnetic bodies for forming magnetic circuits for 
magnetic fluxes emitted by the magnets 25 and 26. The 
turning shaft section 1 5 of the case 1 0 is inserted through 
the bearing hole 31 of the pendulum 30 assembled with 
the pair of ferromagnetic bodies 35 and 36, whereby the 
pendulum 30 is supported to be capable of turning. 
[001 9] The cover 40 has a front shape capable of cov- 
ering a front surface of the case 10. An annular rib 41, 
which comes into abutment against and positionally reg- 
ulates the pendulum 30, is projected in the center of the 
cover 40. In the cover 40, engaging pawls 42 are extend- 
ed at edges on both sides opposed to each other. On the 
other hand, positioning ribs 43 are extended at the re- 
maining edges on both sides opposed to each other. The 
engaging pawls 42 of the cover 40 are engaged with the 
engaging projected portions 19 of the case 10, whereby 
the annular rib 41 comes into abutment against the open- 
ing edge of the bearing hole 31 of the pendulum 30 to 
prevent the pendulum 30 from falling (Fig. 5). 
[0020] Operations of the inclination sensor including 
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the components described above will be explained. 
[0021] As shown in Fig. 7, when the case 10 is not 
inclined, both the ferromagnetic bodies 35 and 36 never 
overlap the hall IC 20. Therefore, magnetic fluxes of the 
magnets 25 and 26 flow piecing through both sides of 
the hall IC 20 to close a magnetic circuit (Fig. 7D). There- 
fore, an output of the hall IC 20 is always high (Fig. 10). 
[0022] As shown in Fig. 8, when the case inclines 
clockwise and the ferromagnetic body 36 approaches 
and overlaps the hall IC 20, magnetic fluxes emitted from 
the magnet 25 flow into the magnet 26 through the fer- 
romagnetic body 36 to close a magnetic circuit. There- 
fore, the magnetic fluxes flow in from a rear surface to a 
front surface of the hall IC 20 crossing the hall IC 20 to 
form magnetic flux components perpendicular to the hall 
IC 20. When the magnetic flux components exceed a 
predetermined threshold value, the output of the hall IC 
20 changes from high to low (Fig. 1 0). 
[0023] Subsequently, when the case 1 0 returns to the 
original position, the ferromagnetic body 36 separates 
from the hall IC 20, a magnetic circuit is closed only by 
the magnets 25 and 26, and magnetic f luxes flows piecing 
through both the sides of the hall IC 20. Therefore, the 
output of the hall IC 20 changes from low to high (Fig. 10). 
[0024] Conversely, as shown in Fig. 9, when the case 
1 0 inclines counterclockwise andtheferromagneticbody 
35 approaches and overlaps the hall IC 20, magnetic 
fluxes emitted from the magnet 25 flow into the magnet 
26 through the ferromagnetic body 35 to close a magnetic 
circuit. Therefore, the magnetic fluxes flow in from the 
front surface to the rear surface of the hall IC 20 crossing 
the hall IC 20 to form magnetic flux components perpen- 
dicular to the front surface of the hall IC 20. When the 
magnetic flux components exceed the predetermined 
threshold value, the output of the hall IC 20 changesf rom 
high to low (Fig. 10). 

[0025] Subsequently, when the case 1 0 returns to the 
original position, the ferromagnetic body 35 separates 
from the hall IC 20, a magnetic circuit is closed only by 
the magnets 25 and 26, and magnetic fluxes flows piecing 
through both the sides of the hall IC 20. Therefore, the 
output of the hall IC 20 changes from low to high (Fig. 1 0). 
[0026] In a second embodiment, as shown in Fig. 1 1 , 
a hall element 25 is used as magnetism detecting means. 
In the hall element 25, a negative output terminal 21, a 
negative input terminal 22, a positive input terminal 23, 
and a positive output terminal 24 are projected from both 
outer sides thereof in a lateral direction as lead terminals. 
After being fit in the housing recessed portion 16 of the 
case 1 0 and positioned, the terminals 21 to 24 are welded 
andelectricallyconnectedtothe connecting sections 11a 
to 1 4a of the lead terminals 1 1 to 1 4. Note that the mag- 
netism detecting means may be constituted by one hall 
element to detect inclination states in two directions 
through an external control circuit or may be constituted 
by two hall elements to detect inclination states in two 
directions. 

[0027] According to this embodiment, an output volt- 



age of the hall element 25 changes linearly in position 
and negative areas according to an inclination angle of 
the case 1 0. Thus, there is an advantage that it is possible 
not only to judge inclination directions of the inclination 

5 sensor from output voltage of one hole element 25 but 
also to detect inclination angles one after another. 
[0028] In the invention, a hall IC for detecting inclina- 
tion only in one direction may be used as the magnetism 
detecting means. Alternatively, inclinations in two direc- 

10 tions may be detected by two hall ICs separately. 

[0029] In the explanations of the embodiments de- 
scribed above, the separate ferromagnetic bodies are 
assembled to the pendulum. However, the invention is 
not limited to this case. The pendulum and the ferromag- 

15 netic bodies may be integrally formed of an identical mag- 
netic material. Consequently, there is an advantage that 
it is possible to obtain an inclination sensor with a small 
number of components and a small number of assembly 
man-hours. 

20 [0030] The inclination sensor according to the inven- 
tion is not limited to detection of inclination of a digital 
camera, a video camera, and the like. The inclination 
sensor can also be mounted on electronic apparatuses 
such as a cellular phone and a portable music player. 

25 

Claims 

1. An inclination sensor comprising: a case having a 
so turning shaft section projected in a lateral direction 

on a front surface thereof; magnetism detecting 
means fixed on an upper side of the turning shaft 
section; a pair of magnets fixed in parallel to a rear 
surface of the case to be located on both sides of 

35 the magnetism detecting means; a pendulum axially 
supported by the turning shaft section to turn freely; 
and a pair of ferromagnetic bodies fixed on an inward 
surface of the pendulum, wherein 
when the case inclines, one of the ferromagnetic 

40 bodies approaches the magnetism detecting means, 
a magnetic circuit is closed by the pair of magnets 
and one of the ferromagnetic bodies, and magnetic 
fluxes of the magnets pass over front and rear sur- 
faces of the magnetism detecting means. 

45 

2. An inclination sensor according to claim 1 , wherein 
the magnetism detecting means is a hall IC consist- 
ing of at least one hall element. 

50 3. An inclination sensor according to claim 1 or 2, 
wherein the pendulum and the ferromagnetic bodies 
are integrally formed of an identical magnetic mate- 
rial. 

55 4. An inclination sensor according to any one of claims 
1 to 3, wherein a projected portion for positional reg- 
ulation is provided on at least one of opposed sur- 
faces of the case and the pendulum, and a recessed 
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portion for positional regulation, in which the project- 
ed portion for positional regulation locks, is provided 
on the other opposed surface. 
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Abstract of JP2001 136259 

PROBLEM TO BE SOLVED: To improve a scroll operation on the display screen and also to reliably 
obtain needed scroll quantity. SOLUTION When an inclination detection sensor 60 detects the 
inclination of a portable telephone terminal body, a controlling part 90 decides whether an inclination 
angle is equal to or larger than a threshold. When the inclination angle is equal to or larger than the 
threshold as a result of the decision, an inclination direction is further confirmed. For instance, in the 
case the terminal main body is inclined toward the inside as a result of confirmation, the value of a 
counter 70 becomes 1 , and the display screen of a displaying part 50 is scrolled in a feeding direction. 
When a new inclination is detected, whether the angle of the inclination is equal to or larger than the 
threshold is decided and when it is equal to or larger than the threshold, an inclination direction is 
further confirmed. In the case the terminal main body is inclined toward the inside as a result of 
confirmation, the count value becomes 2 and the display screen is scrolled in a feeding direction at a 
speed 2. Thus, it is possible to change the scroll quantity of the display screen according to the 
number of inclinations of the terminal body 
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Abstract of JP2004228688 

PROBLEM TO BE SOLVED: To provide a camera attached mobile phone capable of quickly 
correcting a tilt of a camera and stably detecting the tilt. 

SOLUTION: The camera attached mobile phone 10 disclosed herein is configured such that a tilt 
detection section 13 for detecting a tilt angle ([theta]) of the camera and providing an output of a tilt 
v/oltage (Vs) 14 corresponding to the tilt angle ([thetaj) employs e.g.. a gyro CRS03-04 (manufactured 
by the Silicon Sensing Systems Japan) to momentarily and electrically detect the tilt angle ([theta]) of 
the camera and to provide an output of the tilt voltage (Vs) corresponding to the tilt angle ({theta]). 
COPYRIGHT (C)2004.JPO&NCIPI 
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